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© Method of manufacturing an optically readable disc record and disc record manufactured In 
accordance with the method. 



© A disc-shaped information carrier (1) is formed 
by welding two injection-moulded plastics discs con- 
centrically to each other (1A. 1B), which discs are 
manufactured by means of a method comprising the 
manufacture of a matrix (9), which matrix is formed 
with recesses (6) which form projections (5A, 5B) on 
*Jthe disc during injection-moulding and which are 
^ fused to the facing disc during wekfing. Said reces- 
CDses are formed in the matrix by pressing an indenter 
fjjpin (7) having a pointed erib (8) into the matrix 
*° surface, to form locally pit-shaped recesses each 
surrounded by a ridge (11) of displaced material, 
J which ridge has a volume which is substantially 
^ equal to the volume of the pit-shaped recess, so that 
O during injection-moulding the cfisc is provided with a 
^corresponding pin-shaped projection which is sur- 
UJ rounded by a groove (12) which can receive the 
volume of that part of the pin which is meted during 
welding. 
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"Method of manufacturing an optically readable disc record and disc record manufactured In 

accordance with the method" 



The invention relates to a method of manufac- 
turing an optically readable disc record comprising 
two discs which are injection-moulded from a plas- 
tics material and which are concentrically affixed to 
each other by weldihg, which method comprises: 
manufacturing a thin-disc shaped matrix making 
local recesses in the matrix to form mouJdechon 
projections on the disc, and arranging the discs on 
each other and by applying energy at least partly 
melting said projections to weld the discs to each 
other. 

Optically readable disc records con s tr u cted by 
arranging two or more discs on each other are 
known per se in various versions. For example, 
from United States Patent Specification 4.074,282 
(PHA 20.742) an optically readable disc record 
which can be inscribed by means of a laser beam 
Is known, which disc record com pris es a transpar- 
ent substrate provided with a radiation-sensitive 
layer adjoining a space which is covered by a 
cover disc The substrate and the cover disc are 
interconnected by annular spacers at the outer 
circumference and near a central aperture. The 
cover disc may also be a substrate,.thus forming 
an information disc which can be inscribed on two 
sides. The transparent substrate through which the 
laser beam can reach the sensitive layer may con- 
sists of glass or a suitable plastics. The discs and 
the annular spacers can be interconnected by 
means of an adhesive, by soldering etc. it is ob- 
vious that when one or mora plastics discs are 
used the annular spacers need not be separate 
parts but they may be integ ratal with one or more 
of the plastics discs. 

European Patent Application 0.117,576 (PHN 
10576) describes an optically readable disc having 
a flat plastics substrate of comparatively high flex- 
ure! stiffness over which a cover of substantially 
lower flexuml stiffness is arranged so as to enclose 
a space. This cover may also be made of a plas- 
tics. Again the substrate and the cover can be 
interconnected by glueing etc 

When two plastics discs are affixed to each 
other the two discs can be interconnected by a 
method which is known from the plastics technol- 
ogy and which does not require the use of glue or 
another adhesive. This is because thermoplastic 
materials can be melted comparatively easily, so 
that by the local application of energy plastics parts 
can be interconnected by locally melting the ma- 
terial. European Patent Application 0,094,273 
(herewith incorporated by reference) proposes a 
method of manufacturing an optically readable disc 



record comprising two thermoplastic discs which 
are interconnected by the method outlined above. 
The discs may be interconnected by, for example, 
ultrasonic welding. 
5 For connection methods such as ultrasonic 
welding it is essential that the applied energy is 
locally concentrated so as to ensure that at the 
location of the concentration enough heat is devel- 
oped for locally melting the plastics. Therefore, it is 
to necessary to provide at least one of the two plas- 
tics parts with pointed or sharply projecting por- 
tions. This means that the matrix, which may have 
been manufactured by electroforming. must be 
formed with a recessed profile which is the nega- 

75 tive of the projections to be formed during 
injection-moulding. In practice, ft is found difficult to 
provide the matrix with recesses of such a shape 
and dimensional accuracy that the injection-mould- 
ed product is formed with sharply projecting pdr- 

20 tions having the required dimensional accuracy. 

As is described in the said European Patent 
Application 0,094,273 the projecting portions can 
be formed by cutting a pattern of elongate grooves 
in a matrix. It has also been proposed, instead of a 

25 pattern of elongate grooves, to cut an uninterrupted 
circular groove in the matrix, so that the injection- 
moulded product has a continuous circular ridge 
(EP 0,204,378 A1. not duly published). 

In practice, the matrices used in the manufac- 

so ture of optically readable discs are generally manu- 
factured by means of an electroplating process, 
generally from nickel or a nickel alloy. Alternatively, 
plastics matrices are also known. The method of 
depositing a metal from an electroplating bath 

35 gives rise to local differences in density, hardness 
etc in a metal matrix. A result of this is that the 
customary method of forming the recesses, for 
example in the form of a circular groove in the 
matrix, gives rise to deformation of the matrix- It is 

40 therefore difficult to manufacture a well-defined 
product by means of such a matrix^ which may 
lead to undesfred birefringence effects in the disc 
material and problems with ultrasonic welding. This 
is because ultrasonic welding is a comparatively 

45 critical process requiring a well-defined shape of 
the moulded-on prelections and a correct mating of 
the portions to be Interconnected. It is found not to 
be advisable to form the recesses in the matrix by 
the transfer of corresponding projections on the 

so substrate on which the matrix is produced. It ap- 
pears that inaccuracies in the replication process 
may give rise to protrusions on the bade of the 
matrix. Such protrusions are not permissible be- 
cause the matrix must bed perfectly against a face 
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plate in the injection-moulding die. Methods of for- 
ming recesses by removing material from the ma* 
trix by means of a tool always have the disadvan- 
tage that the material removed from a recess may 
contaminate and cannot, or with great difficulty, be 
removed from the part of the disc provided with the 
microstructure to be replicated. 

It is the object of the invention to provide a 
method of manufacturing optically readable disc 
records of the type defined in the opening para- 
graph, which does not lead to the above problems 
and which enables* the matrix to be formed with 
recesses in an economic, rapid and well-defined 
manner. To this end the invention is characterized 
in that for forming said recesses use is made of an 
indenter pin having a sharp end which is impressed 
into the matrix surface, thereby locally forming a 
pit-shaped recess surrounded by a ridge of dis- 
placed material whose volume Is substantially 
equal to the volume of the pit-shaped recess, in 
such a way that during injection-moulding the disc 
is formed with corresponding pin-shaped projec- 
tions each surrounded by a groove whose volume 
is substantially equal to the volume of that portion 
of the projection which protrudes from the disc 
surface. The invention is based on the recognition 
of the fact that deformation as a result of internal 
stresses of the matrix can be precluded by the 
localised formation of the recesses. No material is 
removed from the matrix, so that the microstructure 
of the information area of the matrix cannot be 
contaminated. It is to be noted that it is known from 
EP 0,168,750 A1 to provide a plastics disc with 
projections for .the purpose of ultrasonic welding 
and adjacent the projections recesses for receiving 
the molten material. However, this document does 
not disclose a method of deforming the matrix 
surface in the manner described above. 

In order to obtain a rapid and accurate method 
requiring minimal manipulation of the matrix, to 
minimize the risk of damaging and/or contamination 
of the matrix surface, an embodiment of the inven- 
tive method is characterized in that an auxiliary fool 
is employed which is pressed against the matrix 
surface with an annular pressure face, which auxil- 
iary tool has a plurality of cavities in which indenter 
pins are arranged in such a way that their ends 
partly project from the pressure face and the clear- 
ance between the indenter pin and the inner wall of 
the cgyrty is adequate to receive said ridge of 
displaced material. This method enables all the 
recesses to be formed simultaneously at well-de- 
fined locations in a single operation. 

Some optically readable discs are provided 
with identical information structures on both sides. 
This is for example the case -with laser-lnscrlbable 
optical discs which on each side are provided with 
control grooves for the purpose of guiding the laser 



beam and with digital address data in each groove. 
An embodiment of the invention which is advanta- 
geous for manufacturing discs of this type is char- 
acterized in that each of the discs is manufactured 

5 by means of a matrix provided with said pit-shaped 
recesses, so that both discs are formed with pin- 
shaped projections, each pin-shaped projection on 
each disc belonging to a set of projections which 
are situated at equal distances both from the centre 

to of the disc and from one another, the projections of 
one disc being interposed between the projections 
of the other disc, in which position the discs are 
interconnected. When this method is used only one 
matrix is needed because the two discs together 

75 forming the optically inscribabte disc record are 
fully identical to each other. 

It may be interesting to form a disc by means 
of the last-mentioned method which, in accordance 
with the invention, Is characterized in that the mett- 

20 ing zones constitute an uninterrupted chain of con- 
tiguous melting zones which seal the discs her- 
metically to each other. 

Embodiments of the invention will now be de- 
scribed in more detail, by way of example, with 

25 reference to the accompanying drawings, In which 
Figure 1 is a perspective view of an optically 
readable disc record cut in half, comprising two 
concentrically interconnected identical discs, 

Figure 2 is an enlarged-scale cross-sectional 

30 view taken at the periphery of the disc of Figure 1, 
Figure 3 is a highly enlarged cross-sectional 
view of a part of the matrix and a tool for forming 
recesses in the matrix, 

Figure 4 is an enlarged-scale view of a pe- 

35 ripheral part of a matrix formed with recesses by 
means of the tool of Figure 3, 

Figure 5 is an enlarged-scale view of a part 
of an injection-moulded disc formed with projec- 
tions of a different shape which are spaced from 

40 each other so as to interdigitate with corresponding 
projections on a second disc, 

Rgure 6 shows a projection in a sectional 
view taken on the lines Vl-Vl In Figure 5, and 

Figure 7 shows a projection in a sectional 

45 view taken on the lines Vll-VJI in Rgure 5. 

The disc record 1 of Rgure 1 comprises two 
concentric discs 1A and 1B hich are injection- 
mouled from a thermo-plastic material and which 
are interconnected by ultrasonic welding. This disc 

so record is of the DOR (Digital Optical Recording) 
type, which can be inscribed on both sides by 
means of a laser beam and which comprises iden- 
tical discs which are ultrasonically welded to each 
other in such a way that an air chamber 2 is 

55 formed between them. The discs, see Rgure 2, are 
transparent and their sides facing the air chamber 
2 are provided with a microstructure 3A, 3B which 
is transferred from a matrix and which is covered 
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with a reflecting recording layer 4A, 48. For the 
sake of clarity this layer, which consists of a suit- 
able metal alloy and which can be deposited by for 
example sputtering, and the microstructure 3A, 3B 
are shown to an exaggerated scale. Tha micro- 
structure comprises a multitude of concentric 
grooves serving as positional reference for a radi- 
ation spot which is formed by a laser and which is 
controlled by a servosystem. Local pits or holes 
representing the digital information can be formed 
in the recording layer by pulsing the laser energy. 
The grooves may be provided with address in- 
formation by means of the replication process, so 
that a read laser-beam constantly receives informa- 
tion about the location of the radiation spot on the 
disc. Such DOR discs are known per se and are 
therefore described only in so far as this is neces- 
sary for a correct understanding of the invention. 

A thin disc-shaped matrix manufactured by an 
electroforming process is located in the Injection- 
mouiding machine used for manufacturing the 
discs 1A and 1B. Such injection-moulding ma- 
chines are commonly used for the replication of 
plastics discs and are therefore not shown in the 
drawing. The matrix exhibits, in negative form, the 
microstructure which has been transferred from a 
master or a mould derived from this master As will 
be described hereinafter, the matrix is locally 
formed with recesses to form the moulded-on pro- 
jections 5A on the disc 1A. The discs are intercon- 
nected by arranging these discs onto each other, 
starling from the position as shown in Figure 2, and 
fusing the projections, together with those portions 
of the facing disc against which the projections 
abut, to each other by locally applying energy, for 
example ultrasonic energy. This method of inter- 
connecting thermoplastic parts is a process which 
is widely used in the industry and therefore is not 
described in more detail. 

As is shown in particular in Figure 3, forming 
the recesses 6 in the matrix in order to obtain the 
projections 5A and SB is effected by means of an 
indenter pin 7 having a pointed end 8 which is 
impressed into the surface of the matrix 9. Locally 
this results in a pit-shaped recess 6 surrounded by 
a ridge 11 of displaced materia}. Since the material 
is displaced only the volume of the ridge 11 will be 
substantially equal to the volume of the pit-shaped 
recess 6. Thus, during injection-moulding the marn 
ufactured discs 5A and 5B will be formed with 
corresponding pin-shaped projections 7 which are 
surrounded by a groove 12 whose volume is sub- 
stantially equal to the volume of that part of the 
projection which protrudes from the disc surface. In 
this way the pit-shaped recesses are formed am- 
ply without producing stresses in the matrix ma- 
terial and without the need to remove material from 
the matrix and, moreover, when the two discs are 



welded to each other the molten material of the 
projections can escape to the associated grooves. 
Thus, the disc surfaces are positioned onto each 
other at their peripheries, so that a well-defined 

5 product is obtained. 

The indenter pin 7 is arranged in a cavity or 
bore of an auxiliary tool 14. This auxiliary tool, 
which is shown only partly in Figure 3, is pressed 
against the surface of the matrix 9 with an annular 

to pressure face 15. The indenter pin 7 forms part of 
a bolt whose threaded head 16 is screwed into a 
threaded bore 17 in the tool 14, which bore Is 
coaxial with the bore 13. The distance over which 
the end 8 of the pin 7 projects from the pressure 

is face 15 of the auxiliary tool can be adjusted by 
turning the bolt 16 inwards or outwards. The clear- 
ance between the end 8 and the wall of the bore 
13 is adequate to receive the ridge 11 of displaced 
matrix material. The auxiliary tool 14 Is provided 

20 with a plurality of bolts 18, so that simultaneously a 
plurality of recesses 6 can be formed in the surface 
of the matrix 9. This results in a very rapid and 
accurate process, so that manipulation of the vul- 
nerable matrix is restricted to a minimum, 

2s The discs 5A and 5B are manufactured by 
means of the same matrix 9 and consequently they 
are both provided with pin-shaped projections 5A 
and 5B respectively. Figure 4 shows that the reces- 
ses 6 are so distributed over the circumference of 

30 the matrix 9 that they are situated equidistantly 
from the centre of the matrix and from one another. 
The result is that each pin-shaped projection on 
each disc belongs to a set of projections which are 
situated equidistantly from the centre of the disc 

36 and from one another. The projections of one disc 
are interposed between the projections of the other 
disc and in this position the two discs are intercon- 
nected. In this way a regular pattern of melting 
zones is formed along the circumference of the 

40 disc. 

This method enables an optically readable disc 
to be manufactured whose air chamber 2 is her- 
metically sealed from the surrounding atmosphere. 
For this purpose the melting zones must be ar- 
45 ranged so dose to one another that they form an 
uninterrupted chain of contiguous melting zones. 
This will be illustrated by means of Figure 5, which 
relates to a slightly modified embodiment of the 
invention. 

so The projections 18 on the disc 19 in Figure 5 
are not conical, Oke the projections 5A and 5B of 
the discs 1A and IB, but rather have an elongate 
roof-shape. However, their cross-sectional shape is 
substantially the same, as is apparent from Rgure 

55 7. Instead of a sharp point as the projections 5A 
and 5B they have a sharp crest 20 where the 
energy applied during welding is concentrated. The 
projection 18 is surrounded by a groove 21 whose 
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volume is substantially equal to that of the part of 
the projection 18 which protrudes from the surface 
of the disc. The molten material can thus escape to 
the groove 21. For manufacturing the roof-shaped 
projections an Indenter pin is needed which differs 
from the indenter pin 7 in Figure 3. Instead of a 
conical pointed end 8 the indenter pin now required 
has a knife-shaped sharp end corresponding to the 
roof-shaped projection 18. Since after the com- 
prehensive description of the pin 7 of Figure 3 it 
will be obvious to those skilled in the art how to 
modify this pin in the appropriate manner, the 
modified pin is not shown and is not described any 
further. Figure 5 shows that the disc 19A carries 
sharp roof-shaped projections 18 at regular dis- 
tances from each other and at equal distances from 
the centre of the disc. The outlines of the identical 
projections 18B on the disc 19B. which is not 
shown and which is to be secured to the disc 19 A, 
are indicated on the surface of the disc 19A in 
broken lines. The grooves 21 A and 21 B surround- 
ing the projections 18A and 18B respectively slight- 
fy overlap each other in order to ensure that the 
melting zones form an uninterrupted chain of con- 
tiguous melting zones during welding of the disc 
and the discs are hermetically sealed to each oth- 
er. 

A practical embodiment of an inscribable opti- 
cally readable disc as shown in Figures 1 and 2 
has a diameter of approximately 13 cm. it is manu- 
factured by means of a matrix of pure nickel which 
is deposited by electroforming with a thickness of 
approximately 0.3 mm. The thickness of the discs 
is approximately 1.4 mm in the area provided with 
the microstructure. The air chamber has a height of 
some tenths of millimetres. The pins used for mak- 
ing the pit-shaped recesses in the matrix have an 
apex angle of approximately 65°. The pin pene- 
trates Into the matrix material over approximately 
0.2 mm and thus forms a conical pit-shaped recess 
whose base has a diameter of approximately 0.25 
mm. It is evident that this only results in localized 
deformation of the matrix material. Deformation of 
the material as a result of internal stresses during 
formation of the recesses Is substantially pre- 
cluded. The inventive method can be carried out 
very simply because only a satisfactorily flat sup- 
porting surface 23 is required for the matrix when 
the tool 14 is pressed against the matrix surface. 

The invention is not limited to the embody 
merits shown and includes an embodiments possi- 
ble within the scope of as defined by the appended 
Claims. For example if desired, the pin-shaped 
projections formed on the discs during injection- 
moulding may be given an entirely different shape. 
It is Important only that the indenter pin which is 
employed has a sharp end to form a pin-shaped 
prelection having a sharp end. This end may be 



pointed or elongate* as in the- embodiments de- 
scribed. In principle, there is a substantial freedom 
with respect to the elongate shapes which are 
possible but in practice more intricate shapes of 

6 the pin-shaped projection will generally be less 
attractive because they require a more intricate tool 
for manufacturing the matrix. Although the descrip- 
tion only mentions pin-shaped projections at the 
periphery of the disc, many discs also require the 

io provision of pin-shaped projections near the central 
aperture 22 of the disc. These projections can be 
formed in an identical way. 

If desired, more intricate patterns of recesses, 
as distinct from those shown in Figures 4 and 5, 

rs may be used. The recesses may belong to dif- 
ferent sets, each set having another distance from 
the centre of the disc. This is necessary, for exam- 
ple, when the method in accordance with the inven- 
tion is used for manufacturing discs as described 

20 in the afbre-mentidned European Patent Application 
0,094,273. 

It Is not necessary to provide both discs with a 
pattern of projections; in some cases it is adequate 
to provide a pattern on only one of the discs. This 

25 is of particular advantage if the discs also differ 
from each other in other respects. The afore-men- 
tioned European Patent Application 0.117,676 (PHN 
10.576) discloses an optical disc record which can 
be inscribed on one side only. On its other side it 

30 is provided with a flexible cover disc or cover 
which, like the disc, can be made of a plastics. 
Since no matrix at all Is needed for manufacturing 
the cover, it may be advantageous to arrange the 
projections only on the disc provided with the 

35 microstructure. Even in such a case it may be 
possible to achieve hermetic sealing between the 
disc and the cover. The pattern of pits for the disc 
of Figure 5 may, for example, be supplemented 
with a second pattern of pits interposed between 

40 those of the first pattern, if desired at another 
diameter in such a way that the ridges surrounding 
the pits are contiguous or at least substantially 
contiguous. 

It is not necessary to press all pits into the 
45 matrix with a single tool in one step. Several steps 
and, if desired, several tools may be utilized. 

Many more embodiments may be designed 
without departing from the gist of the invention, 
which is to use an indentation tool to provide only 
60 local indentations in the matrix, which will result in 
well-defined pin-shaped projections suitable for 
welding. 
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Claims 



1. A method of manufacturing an optically 
readable disc record comprising two discs which 

are injection moulded from a plastics material and 5 
which are concentrically affixed to each other by- 
welding, which method comprises: 
-manufacturing a thin disc-shaped matrix, 
-making local recesses in the matrix to form 
moulded-on projections on the discf and 10 
-arranging the discs on each other and by applying 
energy at least partly melting said projections to 
weld the discs to each other, characterized in that 
for forming said recesses use is made of an in- 
denter pin having a sharp end which is impressed 75 
into the matrix surface, thereby locally forming a 
pit-shaped recess surrounded by a ridge of dis- 
placed material whose volume is substantially 
equal to the volume of the pit-shaped recess, in 
such a way that during injection-moulding the disc 20 
is formed with corresponding pin-shaped projec- 
tions each surrounded by a groove whose volume 
is substantially equal to the volume of that portion 
of the projection which protrudes from the disc 
surface. 25 

2. A method as claimed in Claim 1, character- 
ized in that an auxiliary tool is employed which is 
pressed against the matrix surface with an annular 
pressure face, which auxiliary tool has a plurality of 
cavities in which indenter pins are arranged in such 30 
a way that their ends partly project from the pres- 
sure face and the clearance between the indenter 

pin and the inner wall of the cavity is adequate to 
receive said ridge of displaced material 

3. A method as claimed in Claim 1, character- 35 
ized in that each of the discs is manufactured by 
means of a matrix provided with said pit-shaped 
recesses, so that both discs are formed with pin- 
shaped projections, each pin-shaped projection on 
each disc belonging to a set of projections which 40 
are situated at equal cfistances both from the centre 

of the disc and from one another, the projections of 
one disc being Interposed between the projections 
of the other disc in which position the discs are 
interconnected. 45 

4. An optically readable disc record manufac- 
tured by the method as claimed in any one of the 
preceding Claims and in t er c onn ected by melting 
zones formed by locally melting the projections at 
least partly, characterized in that the melting zones so 
constitute an uninterrupted chain of contiguous 
melting zones which seal the discs hermetically to 
each other. 
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